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$A$ , $\lambda\in A$ . $\mathrm{G}_{a,A}$ $A$ , $\mathrm{G}_{m,A}$ $A$
. ( , .) , $\mathrm{G}_{a,A}$
$\mathrm{G}_{m,A}$
$\mathcal{G}^{(\lambda)}$
$. \cdot \mathcal{G}^{(\lambda)}=\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}A[T, \frac{1}{1+\lambda T}]$ .
, $T\mapsto\lambda T\otimes T-\vdash T\otimes 1+1\otimes T$ . , $\lambda\in A^{\mathrm{x}}$
$\mathcal{G}^{(\lambda)}\simeq \mathrm{G}_{m,A}$ , $\lambda=0$ $\mathcal{G}^{(\lambda)}$ $\mathrm{G}_{a,A}$ . $\mathcal{G}^{(\lambda)}$ $\mathrm{G}_{a,A}$
$\mathrm{E}\mathrm{x}\mathrm{t}_{A}^{1}(\mathcal{G}^{(\lambda)}, \mathrm{G}_{a,A})$ .
. . $\mathcal{G}^{(\lambda)}$ $\mathrm{G}_{a,A}$ .
Weisfeiler [5] $A$ $\mathrm{E}\mathrm{x}\mathrm{t}_{A}^{1}(\mathcal{G}^{(\lambda)}, \mathrm{G}_{a,A})$ ,
$\mathrm{E}\mathrm{x}\mathrm{t}_{A}^{1}(\mathcal{G}^{(\lambda)}, \mathrm{G}_{a,A})$ . [2] $A$
, $\mathcal{G}^{(\lambda)}$ $\mathrm{G}_{a,A}$ , .
, $\text{ }$ $\ovalbox{\tt\small REJECT}--$ [3] , $A$ $kp$)- ($p$ ) $\text{ }$ $\mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,A})$
$\mathrm{E}\mathrm{x}\mathrm{t}_{A}^{1}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,A})$ . , $\hat{\mathcal{G}}^{(\lambda)}$ $\hat{\mathrm{G}}_{m,A}$
. , , $W(A)(A$
6Witt ) $\mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{m,A})$
$\mathrm{E}\mathrm{x}\mathrm{t}_{A}^{1}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,A})$ , .
, Artin-Hasse exponential series homomor-
phism , . , $\mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathcal{G}^{(\lambda)}, \mathrm{G}_{m,A})$ $\mathrm{E}\mathrm{x}\mathrm{t}_{A}^{1}(\mathcal{G}^{(\lambda)}, \mathrm{G}_{m,A})$
.
, $\mathbb{Z}_{(p)}$- $\mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$ $\mathrm{E}\mathrm{x}\mathrm{t}_{A}^{1}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$
. [3] , A ,
$\mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$ $\mathrm{E}\mathrm{x}\mathrm{t}_{A}^{1}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$ .
, logarithm homomorphism




$\mathrm{E}\mathrm{x}\mathrm{t}_{A}^{1}(\mathcal{G}^{(\lambda)}, \mathrm{G}_{a,A})\simeq H_{0}^{2}(\mathcal{G}^{(\lambda)}, \mathrm{G}_{a,A})$ (Hochschild cohomology) , $\mathrm{E}\mathrm{x}\mathrm{t}_{A}^{1}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$
2-cocycle . , 2-cocycle






. , $\mathrm{H}\mathrm{o}\mathrm{m}_{4}\ovalbox{\tt\small REJECT} \mathrm{g}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}^{(\lambda)},$ $\ovalbox{\tt\small REJECT}_{a,A)}$)
$\mathrm{E}\mathrm{x}\mathrm{t}\ovalbox{\tt\small REJECT} 4(\ovalbox{\tt\small REJECT}^{()}",$ $\ovalbox{\tt\small REJECT}_{a,A})$ . ( .)
, $p$ , $A$ $k\ovalbox{\tt\small REJECT}$ - . $P\ovalbox{\tt\small REJECT}\{p^{e}\ovalbox{\tt\small REJECT} e\ovalbox{\tt\small REJECT} 0\}$
. $\mathbb{N}\ovalbox{\tt\small REJECT}\{0,1,2, \ldots\}$ .
2.
. ,
. $A$ $\mathbb{Z}_{(p)}$- , $\lambda\in A$ .
2.1. $a=(a_{0}, a_{1}, a_{2}, \ldots)\in A^{\mathrm{N}}$ (resp. $A^{(\mathrm{N})}$ ) , $A^{\mathrm{N}}$ (resp. $A^{(\mathrm{N})}$ ) $\Psi$
$\Psi$ : $a\mapsto(-(-\lambda)^{p^{+1}-p}\dot{.}\dot{.}a_{i}+pa_{i+1}):\geq 0$
.
$\Lambda$ . $r\geq 0$ , $\mathbb{Z}_{(p)}[\Lambda]$ $L_{r}(\Lambda;T)$ $\tilde{L}_{p,r}(\Lambda;X, \mathrm{Y})$
,
$L_{r}( \Lambda;T)=p^{r}\sum_{i=1}^{p^{r+1}-1}\frac{(-\Lambda)^{i-1}}{i}T^{i}\in \mathbb{Z}_{(p)}[\Lambda][T]$ ,
$\tilde{L}_{p,r}(\Lambda;X, \mathrm{Y})=-\cdot\frac{L_{p,r}(\Lambda,X)+L_{p,r}(\Lambda\cdot \mathrm{Y})-L_{p,r}(\Lambda,\Lambda X\mathrm{Y}+X+\mathrm{Y})}{(-\Lambda)^{p^{r+1}-1}},\cdot\in \mathbb{Z}_{(p)}[\Lambda][X, \mathrm{Y}]$
. $\tilde{L}_{p,r}(\Lambda;X, \mathrm{Y})$ ,
$\tilde{L}_{p,r}(\Lambda;\mathrm{Y}, Z)+\tilde{L}_{p,r}(\Lambda;X, \lambda \mathrm{Y}Z+\mathrm{Y}+Z)=\tilde{L}_{p,r}(\Lambda;\lambda X\mathrm{Y}+X+\mathrm{Y}, Z)+\tilde{L}_{p,r}(\Lambda;X, \mathrm{Y})$
.
2.2. $\eta^{0}$ : $A^{\mathrm{N}}arrow A[[T]]$ $\eta^{1}$ : $A^{\mathrm{N}}arrow Z^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$ ,
$\eta^{0}$ : $a=(a_{0}, a_{1}, \ldots)\mapsto\sum_{r=0}^{\infty}a_{r}[\sum_{i=p^{r}}^{p^{r+1}-1}\frac{p^{r}}{i}$ (-\lambda )i-pr ],
$\eta^{1}$ : $a=(a_{0}, a_{1}, \ldots)\mapsto\sum_{r=0}^{\infty}a_{r}\tilde{L}_{p,r}(\lambda;X, \mathrm{Y})$





A \rightarrow \eta l $Z^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$ .
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, $f(T)\mapsto\ovalbox{\tt\small REJECT} X)+f(\mathrm{Y})-f(\lambda X\mathrm{Y}+X+\mathrm{Y})$ cocycle map
. ,
$\eta^{0}$ : $\mathrm{K}\mathrm{e}\mathrm{r}[\Psi:A^{\mathrm{N}}arrow A^{\mathrm{N}}]arrow \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathcal{G}\backslash \lambda),\hat{\mathrm{G}}_{a,A)}$ ,
$\eta^{1}$ : $\mathrm{C}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}[\Psi:A^{\mathrm{N}}arrow A^{\mathrm{N}}]arrow H_{0}^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$
.
$\eta^{0}$ : $\mathrm{K}\mathrm{e}\mathrm{r}[\Psi:A^{(\mathrm{N})}arrow A^{(\mathrm{N})}]arrow \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathcal{G}^{(\lambda)},\mathrm{G}_{a,A})$




$\eta^{0}$ : $\mathrm{K}\mathrm{e}\mathrm{r}[\Psi:A^{\mathrm{N}}arrow A^{\mathrm{N}}]arrow \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$,
$\eta^{1}$ : $\mathrm{C}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}[\Psi:A^{\mathrm{N}}arrow A^{\mathrm{N}}]arrow H_{0}^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$
.
2.4.
$\eta^{0}$ : $\mathrm{K}\mathrm{e}\mathrm{r}[\Psi:A^{(\mathrm{N})}arrow A^{(\mathrm{N})}]arrow \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathcal{G}^{(\lambda)},\mathrm{G}_{a,A})$
$\eta^{1}$ : $\mathrm{C}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}[\Psi:A^{(\mathrm{N})}arrow A^{(\mathrm{N})}]arrow H_{0}^{2}(\mathcal{G}^{(\lambda)},\mathrm{G}_{a,A})$
.
2.5. $A$ $\mathbb{Q}$- ,
$\mathrm{H}\mathrm{o}\mathrm{m}_{A-y}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})\simeq\{\frac{a}{\lambda}\log(1+\lambda T);a\in A\}$ ,
.
$\frac{1}{\lambda}\log(1+\lambda T)=\sum_{\dot{*}=1}^{\infty}\frac{(-\lambda)^{*-1}}{i}.\dot{T}\in \mathbb{Q}[[T]]$.
2.6. $\lambda=1$ . $\Psi$ : $A^{(\mathrm{N})}arrow A^{(\mathrm{N})}$ . ,
$\mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathrm{G}_{m,A}, \mathrm{G}_{a,A})=0$ , $H_{0}^{2}(\mathrm{G}_{m,A}, \mathrm{G}_{a,A})=0$
.
2.7. $\lambda=0$ . $A$ 0 , $\Psi.:A^{(\mathrm{N})}arrow A^{(\mathrm{N})}$ . , $H_{0}^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a,A})$
$0$ . ,
$\mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathrm{G}_{a,A},\mathrm{G}_{a,A})\simeq\{aT; a\in A\}\simeq A$ .
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, $A$ $p$ $\Psi$ : $A^{(\mathrm{N})}arrow A^{(\mathrm{N})}$ ,
$\mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathrm{G}_{a,A}, \mathrm{G}_{a,A})\simeq\{\sum_{r=0}^{\infty}a_{r}T^{p^{r}}$ ; $(a_{0}, a_{1}, \ldots)\in A^{(\mathrm{N})}\}\simeq A^{(\mathrm{N})}$ ,
$H_{0}^{2}( \mathrm{G}_{a,A}, \mathrm{G}_{a,A})\simeq\{\sum_{r=0}^{\infty}a_{r}[\frac{X^{p^{r+1}}+\mathrm{Y}^{p^{r+1}}-(X+\mathrm{Y})^{p^{r+1}}}{p}]$ ; $(a_{0}, a_{1}, \ldots)\in A^{(\mathrm{N})}\}\simeq A^{(\mathrm{N})}$ .
3. (1)
. $A$ $\mathbb{Z}_{(p)}$- , $\lambda\in A$ .
$\eta^{0}$ : $\mathrm{K}\mathrm{e}\mathrm{r}[\Psi : A^{\mathrm{N}}arrow A^{\mathrm{N}}]arrow \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$ ,
. .
3.1. $f(T)\in A[[T]]$ . $f(T)$ $f(X)+f(\mathrm{Y})-f(\lambda X\mathrm{Y}+X+\mathrm{Y})=0$
, $a\in \mathrm{K}\mathrm{e}\mathrm{r}[\Psi : A^{\mathrm{N}}arrow A^{\mathrm{N}}]$ $f(T)=\eta^{0}(a)$ .
. $f(T)= \sum_{i=0}^{\infty}c_{i}\dot{T}$ . $\mathrm{q}_{1}=0$ . $f(X)+f(\mathrm{Y})-f(\lambda X\mathrm{Y}+X+\mathrm{Y})$
,
$0=f(X)+f(\mathrm{Y})-f(\lambda X\mathrm{Y}+X+\mathrm{Y})$
$=- \sum_{j\geq 2}\sum_{k=1}^{j-1}\sum_{i=m(j,k)}^{k}(\begin{array}{lll} j-k +ij -2k +2i\end{array}) (\begin{array}{lll}j -2k +2i i \end{array})\lambda^{k-:}c_{j-k+i}X^{k}\mathrm{Y}^{j-k}$
( ). $m(j, k)= \max\{0,2k-j\}$ . ,
$f(T)$ . $X\mathrm{Y}^{j-1}$ , $j\geq 2$ ,
$(j-1)\lambda c_{j-1}+jc_{j}=0$ (1)
. , $s\geq 0,$ $p^{s}<j<p^{s+1}$ $s,$ $j$ { ,
$c_{j}= \frac{p^{s}}{j}(-\lambda)^{j-p^{\epsilon}}\varphi$ (2)
. , $\mathbb{Q}$ (1) ,
$\mathbb{Z}(p)$- . $(j,p)\neq 1$ ,
. , (1) (2) , $s\geq 0$
$-(-\lambda)^{p^{\epsilon+1}-p^{\partial}}\mathrm{q}_{\mathrm{g}}+pc_{p^{\epsilon+1}}=0$ (3)
. , (2) (3)
. , $r\geq 0$ $a_{r}=c_{p^{r}},$ $a=(a_{0}, a_{1}, a_{2}, \ldots)$ ,
$a\in \mathrm{K}\mathrm{e}\mathrm{r}[\Psi : A^{\mathrm{N}}arrow A^{\mathrm{N}}]$
$f(T)= \sum_{r=0}^{\infty}a_{r}[\sum_{\dot{\iota}=p^{r}}^{p^{r+1}-1}\frac{p^{r}}{i}$(-\lambda )i-pr ] $=\eta^{0}(a)$ . $\square$
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$\eta^{0}\ovalbox{\tt\small REJECT} \mathrm{K}\mathrm{e}\mathrm{r}[\Phi\ovalbox{\tt\small REJECT} A^{\ovalbox{\tt\small REJECT})}\ovalbox{\tt\small REJECT} A^{\ovalbox{\tt\small REJECT})}\ovalbox{\tt\small REJECT} \mathrm{H}\mathrm{o}\mathrm{m}_{A},(\mathcal{G}^{(\lambda)}, \mathbb{G}_{a,A})$ ,
.
3.2. $a_{0},$ $a_{1},$ $a_{2},$ $\cdots\in A$ . $r\geq 0$ { (-\lambda )pr+l-prar+par+l $=0$
. ,
$\sum_{r=0}^{\infty}a_{r}[\sum_{\dot{l}=p^{r}}^{p^{r+1}-1}\frac{p^{r}}{i}(-\lambda)^{:-p^{r}}\dot{\Gamma}]\in A[T, \frac{1}{1+\lambda T}]$
, $r$ $4=0$.
.
$(1+ \lambda T)^{n}\sum_{r=0}^{\infty}a_{f}[.\sum_{1=p^{r}}^{p^{r+1}-1}\frac{p^{r}}{i}(-\lambda)^{:-p^{\mathrm{j}}}$ ] $=f(T)$
. , $f(T)\in A[T],$ $n\geq 0$ . , $\deg f<p^{r}$ . $\mathrm{I}^{\Psi^{r}}$
, $1\leq i\leq r$ $i$ }
$a_{r}+. \sum_{\dot{*}=1}^{r}$ (-\lambda )pr-pr-:af-: $=0$.
$\in \mathbb{Z}_{(p)}$ . , $1\leq i\leq r$ $i$
$(-\lambda)^{p^{r}-p^{r-:}}a_{\mathrm{r}-1}$. $=p^{:}a_{\Gamma}$ .
$1+ \sum_{i=1}^{r}$p: Z , $\deg f<p^{r}$ $r$ [ $4=0$. $\square$
$\eta^{1}$ : $\mathrm{C}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}[\Psi : A^{\mathrm{N}}arrow A^{\mathrm{N}}]arrow H_{0}^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$ .
, Lazard comparison lemma ( $\lceil \mathrm{L}\mathrm{a}\mathrm{z}\mathrm{a}\mathrm{r}\mathrm{d}$ ) 2-c0cycle
$g(X, \mathrm{Y})\in Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$ .
Lazard ([1, Lem 3]) $A$ , $l\geq 2$ . $g(X, \mathrm{Y})\in A[X, \mathrm{Y}]$ ,
$\{$
$g(\mathrm{Y}, Z)+g(X, \mathrm{Y}+Z)=g(X+\mathrm{Y}, Z)+g(X, \mathrm{Y})$ ,
$g(X, \mathrm{Y})=g(\mathrm{Y}, X)$
$l$ . , $a\in A$
$g(X, \mathrm{Y})=aC_{l}(X, \mathrm{Y})$
. , $C_{l}(X, \mathrm{Y})$
$C_{l}(X, \mathrm{Y})=\{\begin{array}{l}\frac{X^{l}+\mathrm{Y}^{l}-(X+\mathrm{Y})^{l}}{p}(l\in P)X^{l}+\mathrm{Y}^{l}-(X+\mathrm{Y})^{l}(l\not\in P)\end{array}$
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$\mathbb{Z}$ .
3.3. $g(X, \mathrm{Y})\in Z^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})\infty$ . , $b=(b_{0}, b_{1}, b_{2}, \ldots)\in A^{\mathrm{N}}$
, $g(X, \mathrm{Y})$
$\sum_{r=0}b_{r}\tilde{L}_{p,r}(\lambda;X, \mathrm{Y})$ cohomologous. ( $H_{0}^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$
.)
. $g(X, \mathrm{Y})\in Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$ , $g(X, \mathrm{Y})$ :
$g(X, \mathrm{Y})=\sum_{r=l}^{\infty}g_{r}(X, \mathrm{Y})$ .
$l\geq 2$ . $g(X, \mathrm{Y})$
$g(\mathrm{Y}, Z)+g(X, \lambda \mathrm{Y}Z+\mathrm{Y}+Z)=g(\lambda X\mathrm{Y}+X+\mathrm{Y}, Z)+g(X, \mathrm{Y})$
, $g_{l}(X, \mathrm{Y})$
$g\iota(\mathrm{Y}, Z)+g\iota(X, \mathrm{Y}+Z)=g_{l}(X+\mathrm{Y}, Z)+g\iota(X, \mathrm{Y})$
. , Lazard , $a_{l}\in A$ $g_{l}(X, \mathrm{Y})=a_{l}C_{l}(X, \mathrm{Y})$ .
, $r\geq 1$
$t_{r}(X, \mathrm{Y})=X^{r}+\mathrm{Y}^{r}-(\lambda X\mathrm{Y}+X+\mathrm{Y})^{r}\in B^{2}(\mathcal{G}^{(\lambda)}, \mathrm{G}_{a,A})$
. $t_{l}(X, \mathrm{Y})\equiv X^{l}+\mathrm{Y}^{l}-(X+\mathrm{Y})^{l}\mathrm{m}\mathrm{o}\mathrm{d} \deg(l+1)$ , $l\not\in P$ ,
$g(X, \mathrm{Y})-a_{l}t\iota(X, \mathrm{Y})\equiv \mathrm{O}\mathrm{m}\mathrm{o}\mathrm{d} \deg(l+1)$
. $l+1\not\in P$ , $g(X, \mathrm{Y})-a_{l}t_{l}(X, \mathrm{Y})\in Z^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$
$g(X, \mathrm{Y})-\sum_{r=l}^{p^{\mathrm{e}}-1}a_{r}t_{r}(X, \mathrm{Y})=\sum_{r=p^{\mathrm{e}}}^{\infty}g_{r}’(X, \mathrm{Y})$
. $e\geq 1$ . , $g_{p^{\mathrm{e}}}’(X, \mathrm{Y})$ Lazard
, $a_{p^{e}}\in A$
$g(X, \mathrm{Y})-\sum_{r=l}^{p^{\mathrm{e}}-1}a_{r}t_{r}(X, \mathrm{Y})\equiv a_{p^{\mathrm{e}}}C_{p^{\mathrm{e}}}(X, \mathrm{Y})\mathrm{m}\mathrm{o}\mathrm{d} \deg(p^{e}+1)$
. , $C_{p^{\mathrm{e}}}(X, \mathrm{Y})$ , $t_{p^{\mathrm{e}}}(X, \mathrm{Y})$
$\tilde{L}_{p,\mathrm{e}-1}(\lambda;X, \mathrm{Y})$ . ( , $r\geq 0$
$\tilde{L}_{p,r}(\lambda;X, \mathrm{Y})\equiv C_{p^{r}\dagger 1}(X, \mathrm{Y})$ mod $\deg(p^{r+1}+1)$
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.) , :
$g(X, \mathrm{Y})-\sum_{r=l}^{p^{e}-1}a_{f}t_{r}(X,\mathrm{Y})-*\mathrm{e}\tilde{L}_{p,e-1}(\lambda;X,\mathrm{Y})\equiv 0$ mod $\deg(p^{e}+1)$ .
$\tilde{L}_{p,e-1}(\lambda;X, \mathrm{Y})\in Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$ , $Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$ .
, $A[[X, \mathrm{Y}]]$
$g(X, \mathrm{Y})-\sum_{r\geq l,r\not\in P}a_{r}t_{r}(X, \mathrm{Y})-\sum_{r=e}^{\infty}a_{p^{r}}\tilde{L}_{p,r-1}(\lambda;X, \mathrm{Y})=0$
. $B^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$ , $r\geq e-1$ $b_{r}=a_{p^{r+1}}$
, $g(X, \mathrm{Y})$ $\sum_{r=e-1}^{\infty}b_{r}\tilde{L}_{p,r}(\lambda;X, \mathrm{Y})$ cohomologous .
$\eta^{1}$ : $\mathrm{C}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}[\Psi : A^{\mathrm{N}}arrow A^{\mathrm{N}}]arrow H_{0}^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$ . ,
$\eta^{1}$ , .
3.4. b=( , $b_{1}$ , b2, . . .)\in A , $g(X, \mathrm{Y})=\sum_{r=0}^{\infty}b_{r}\tilde{L}_{p,r}(\lambda;X, \mathrm{Y})\in A[[X, \mathrm{Y}]]$
$\text{ }$ . ,
$g(X, \mathrm{Y})=f(X)+f(\mathrm{Y})-f(\lambda X\mathrm{Y}+X+\mathrm{Y})$ (4)
$f(T)\in A[[T]]$ , $r\geq 0$
$b_{r}=-(-\lambda)^{p^{r+1}-p^{r}}a_{f}+pa_{\mathrm{r}+1}$
a=( , $a_{1},$ $a_{2},$ $\ldots$ ) $\in A^{\mathrm{N}}$ .
. . , homomor-
phism , (4) . [6, Lem36]
.
$\eta^{1}$ : $\mathrm{C}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}[\Psi : A^{(\mathrm{N})}arrow A^{(\mathrm{N})}]arrow H_{0}^{2}(\mathcal{G}^{(\lambda)},\mathrm{G}_{a,A})$ , $g(X, \mathrm{Y})\in Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$
.
. [6, COr35] .
4. (2)
. , [3]
. . $A$ $\bigwedge_{p)}$ , $\lambda\in A$ .
4.1. [3]
Aritn-Hasse exponential series .
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$-\overline{-}-ffi[3, \mathrm{C}\mathrm{h}2]\xi,_{l1\backslash \backslash }*_{//}\mathrm{f}\mathrm{f}\mathrm{l}\preceq Y\mathrm{t}f.-1$ .
4.LL $U,$ $\Lambda$ , $\mathbb{Q}[U, \Lambda]$ $E_{p}(U, \Lambda;T)$
$E_{p}(U, \Lambda;T)=(1+\Lambda T)^{\frac{U}{\mathrm{A}}}\prod_{k=1}^{\infty}(1+\Lambda^{p^{k}}T^{p^{k}})^{\mathrm{p}}-1\tau\{(\mathrm{y})^{\mathrm{p}^{\mathrm{k}}}-(\mathrm{X})^{\mathrm{p}^{k-1}}\}$
. Artin-Hasse exponential series





. $(k,p)=1$ (l+T)l/k\in Z $[[T]]$ , $E_{p}(U, \Lambda;T)=\in$
$\mathbb{Z}_{(p)}[U, \Lambda][[T]]$ . , $E_{p}(1,0;T)=E_{p}(T),$ $E_{p}(\Lambda, \Lambda;T)=1+\Lambda T$ .
$\mathrm{u}=(U_{0}, U_{1}, U_{2}, \ldots)$ . $E_{p}(\mathrm{U}, \Lambda;T)\in \mathbb{Z}_{(p)}[U_{0}, U_{1}, U_{2}, \ldots, \Lambda][[T]]$
$E_{p}( \mathrm{U}, \Lambda;T)=\prod_{k=0}^{\infty}E_{p}(U_{k}, \Lambda^{p^{k}}; T^{\oint})$ .
. , $F_{p}(\mathrm{U}, \Lambda;X, \mathrm{Y})\in \mathbb{Z}_{(p)}[U_{0}, U_{1}, U_{2}, \ldots, \Lambda][[X, \mathrm{Y}]]$
$F_{p}( \mathrm{U}, \Lambda;X, \mathrm{Y})=\prod_{k=1}^{\infty}[\frac{(1+\Lambda^{p^{k}}X^{p^{k}})(1+\Lambda^{p^{k}}\mathrm{Y}^{p^{k}})}{1+\Lambda^{p^{k}}(X+\mathrm{Y}+\Lambda X\mathrm{Y})^{p^{k}}}]^{\Phi_{k-1}(\mathrm{U})/p^{k}\Lambda^{\mathrm{p}^{k}}}$
. $\Phi_{n}(\mathrm{U})$ Witt .
41.2. $\xi^{0}$ : $W(A)arrow A[[T]]^{\mathrm{x}}$ $\xi^{1}$ : $W(A)arrow Z^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,A})$ ,
$a\mapsto E_{p}(a, \lambda;T),$ $a\mapsto F_{p}(a, \lambda;X, \mathrm{Y})$ . $F$ Witt Robenius




$W(A)arrow\xi^{1}Z^{2}$ (G^(\lambda ) $\hat{\mathrm{G}}_{m,A}$).
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$\ovalbox{\tt\small REJECT} A[[T]]’arrow Z^{2}(\ovalbox{\tt\small REJECT} 0),$ $\ovalbox{\tt\small REJECT}_{m\ovalbox{\tt\small REJECT}})$ $f(T)\mapsto f(X)f(\mathrm{Y})f(\lambda X\mathrm{Y}+X+\mathrm{Y})^{-1}$
cocycle map. , $\xi^{0}$ $\xi^{1}$
$\xi^{0}$ : $F(\lambda)W(A)arrow \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathcal{G}\tau\lambda),\hat{\mathrm{G}}_{m,A});a\mapsto E_{p}(a, \lambda;T)$ ,
$\xi^{1}$ : $W(A)/F^{(\lambda)}arrow H_{0}^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,A});a\mapsto F_{p}(a, \lambda;X, \mathrm{Y})$
. $F^{(\lambda)}W(A)$ $F^{(\lambda)}$ : $W(A)arrow W(A)$ . ,
[3] .
4.1.3. ([3, Th 219.1])
$\xi^{0}$ : $F^{(\lambda)}W(A)arrow \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,A})$ ,
$\xi^{1}$ : $W(A)/F^{(\lambda)}arrow H_{0}^{2}(\mathcal{G}\tau\lambda),\hat{\mathrm{G}}_{m,A})$
.
4.2. (2)
$A[\epsilon]$ ( , $\epsilon^{2}=2$ $\epsilon$ $A$ ) . ,
, .
4.2.1. $A[[T]]arrow(A[\epsilon][[\eta])^{\mathrm{x}},$ $(A[\epsilon][[T]])^{\mathrm{x}}arrow A[[T]]^{\mathrm{x}}$ , $f(T)\mapsto$
$1+\epsilon f(T),$ $f(T)+\epsilon g(T)\mapsto f(T)$ . ,
$0arrow A[[T]]arrow(A[\epsilon][[T]])^{\mathrm{x}}arrow A[[T]]^{\mathrm{x}}arrow 0$
$\mathrm{f}\mathrm{f}\mathrm{l}\sigma$) 4 . , $Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})arrow Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{m,A[\epsilon]}),$ $Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{m,A[\epsilon]})arrow$
$Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{m,A})$ , $f(X, \mathrm{Y})\mapsto 1+\epsilon f(X, \mathrm{Y}),$ $f(X, \mathrm{Y})+\epsilon g(X, \mathrm{Y})\mapsto f(X, \mathrm{Y})$
. ,
$0arrow Z^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})arrow Z^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,A[\epsilon]})arrow Z^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,A})arrow 0$
.
Augmentation homomorphism $W(A[\epsilon])arrow W(A)$ $(a_{0}+b_{0}\epsilon, a_{1}+b_{1}\epsilon, a_{2}+b_{2}\epsilon, \ldots)\mapsto$
( , $a_{1},$ $a_{2},$ $\ldots$ ) . ,
$\mathrm{K}\mathrm{e}\mathrm{r}[W(A[\epsilon])arrow W(A)]=$ { $(\mathrm{h}\epsilon,b_{1}\epsilon,$ $b_{2}\epsilon,$ $\ldots);b:\in A$ for all $i\geq 0$}
$W(A[\epsilon])$ square null ideal , $A^{\mathrm{N}}$ . ,
$0arrow A^{\mathrm{N}}arrow W(A[\epsilon])arrow W(A)arrow 0$
.
$F$ : $W(A[\epsilon])arrow W(A[\epsilon])$ A ( , $a_{1},$ $a_{2},$ $\ldots$ ) $\mapsto(pa_{1},pa_{2},pa_{3}, \ldots)$
. $c=(c_{0}, c_{1}, c_{2}, \ldots)\in W(A)$ . , $F-c$ : $W(A[\epsilon])arrow W(A[\epsilon])$
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A $(a_{0}, a_{\mathrm{b}}a_{2}, \ldots)\mapsto(pa_{1}-\Phi_{0}(c)a_{0},pa_{2}-\Phi_{1}(c)a_{1},pa_{3}-\Phi_{2}(c)a_{2},$ $\ldots)$
. , $F^{()}"\ovalbox{\tt\small REJECT} W$ (A ])\rightarrow W(A )
$(a_{0}, a_{1}, a_{2}, \ldots)\mapsto(pa_{r+1}-\lambda^{p^{r+1}-p^{r}}a_{r})_{r\geq 0}$
. $\Phi$ .
4.2.2. $\Lambda$ , $\mathbb{Q}[\Lambda]$ $L_{p}(\Lambda;T)$ $L_{p,r}(\Lambda\cdot X, \mathrm{Y})|$ ,
$L_{p}( \Lambda;T)=\frac{1}{\Lambda}\{\log(1+\Lambda T)-\frac{1}{p}\log(1+\Lambda^{p}T^{p})\}$ ,




. , $L_{p}(\Lambda;T)\in \mathbb{Z}(p)[\Lambda][[T]]$ . ,
$\frac{(1+\Lambda^{p^{r+1}}X^{p^{r+1}})(1+\Lambda^{p^{r+1}}\mathrm{Y}^{p^{r+1}})}{1+\Lambda^{p^{r+1}}(X+\mathrm{Y}+\Lambda X\mathrm{Y})^{p^{r+1}}}\equiv 1$
$\mathrm{m}\mathrm{o}\mathrm{d} p$
$L_{p,r}(\Lambda;X, \mathrm{Y})\in \mathbb{Z}_{(p)}[\Lambda][[X, \mathrm{Y}]]$ .
4.2.3. $\xi^{0}$ : $A^{\mathrm{N}}arrow A[[T]],$ $\xi^{0}$ : $W(A[\epsilon])arrow(A[\epsilon][[T]])^{\mathrm{x}}$ ,
$\xi^{0}$ : $A^{\mathrm{N}} arrow A[[T]];a\mapsto\sum_{r=0}^{\infty}a_{r}L_{p}(\lambda^{p^{r}};T^{\mathrm{p}^{r}})$
$\xi^{0}$ : $W(A[\epsilon])arrow(A[\epsilon][[T]])^{\mathrm{x}}$ ; $a\mapsto E_{p}(a, \lambda;T)$
. , $\xi^{1}$ : $A^{\mathrm{N}}arrow Z^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$ $\xi^{1}$ : $W(A[\epsilon])arrow Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{m,A[\epsilon]})$
$\xi^{1}$ : $A^{\mathrm{N}} arrow Z^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A});a\mapsto\sum_{r=0}^{\infty}a_{r}L_{p,r}(\lambda;X, \mathrm{Y})$



















$-|_{\nearrow\xi^{1}}^{\Phi}arrow Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})-|_{\nearrow\xi^{1}}^{F^{(\lambda)}}arrow Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{m,A[e])-1_{\nearrow\xi^{1}}^{F^{(\lambda)}}}arrow Z^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{m,A)}-0$
$A^{\mathrm{N}}$ $W(A[\epsilon])$ $W(A)$ 0
. , $\cdot$ $E_{p}(\mathrm{U}, \Lambda;T)$ $L_{p}(\Lambda;T)$ , $F_{p}(\mathrm{U}, \Lambda;X, \mathrm{Y})$
$L_{p,r}(\Lambda;X, \mathrm{Y})$ ( ) :
$E_{p}( \mathrm{U}, \Lambda;T)\equiv 1+\sum_{r=0}^{\infty}U_{r}L_{p}(\Lambda^{p^{r}};\mathbb{P}^{r})$ $\mathrm{m}\mathrm{o}\mathrm{d} (U_{0}, U_{1}, U_{2}, \ldots)^{2}$ ,
$F_{p}( \mathrm{U},-\Lambda;X, \mathrm{Y})\equiv 1+\sum_{r=0}^{\infty}U_{r}L_{p,r}(\Lambda;X, \mathrm{Y})$ $\mathrm{m}\mathrm{o}\mathrm{d} (U_{0}, U_{1}, U_{2}, \ldots)^{2}$.
, b=( \epsilon , $a_{1}\epsilon,$ $a_{2}\epsilon,$ $\ldots$ )
$E_{\mathrm{P}}(b,$











$0arrow \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})arrow \mathrm{H}\mathrm{o}\mathrm{m}_{B-\mathrm{g}\mathrm{r}}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,B})arrow \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,A})arrow 0$,
$0arrow H_{0}^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})arrow H_{0}^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,B})arrow H_{0}^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{m,A})arrow 0$
. , . , [3]
, $\xi^{0}$ : $\mathrm{K}\mathrm{e}\mathrm{r}\Phiarrow \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A}),$ $\xi^{1}$ : $\mathrm{C}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}\Phiarrow H_{0}^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$ .
4.2.6. $a_{0},$ $a_{1},$ $a_{2},$ $\cdots\in A$ . $r\geq 0$ } $\lambda^{p^{r+1}-p^{r}}a_{r}=pa_{r+1}$
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$\sum_{r=0}^{\infty}a_{r}L_{p}(\lambda^{p^{r}}; T^{p^{r}})=1_{a_{0}T-\sum_{r=1}[\sum_{k=2^{r}}^{2^{r+1}-1}\frac{2^{r}}{k}(-\lambda)^{k-2^{r}}T^{k]}}^{\sum_{r=0}^{\infty}a_{r}[\sum_{a_{r}}^{p^{r+1}-1}}\infty k=p^{r}\frac{p^{r}}{k}(-\lambda)^{k-p^{r}}T^{k}]$ $(p=2)(p>2)$
,
. , $r\geq 0$
$L_{p,r}( \Lambda;X, \mathrm{Y})=\frac{p^{r}}{(-\Lambda)^{p^{r+1}-1}}\sum_{k=1}^{p^{r+1}-1}\frac{(-\Lambda)^{k-1}}{k}${Xk+Yk--( $+\mathrm{Y}+\Lambda X\mathrm{Y})^{k}$ }
. , $H_{0}^{2}(\mathcal{G}^{\hat{(}\lambda)},\hat{\mathrm{G}}_{a,A})$
$[L_{p,r}(\lambda;X, \mathrm{Y})]=\{$
$[\tilde{L}_{p,r}(\lambda;X, \mathrm{Y})]$ $(p>2)$ ,
$-[\tilde{L}_{p,r}(\lambda;X, \mathrm{Y})]$ $(p=2)$
. ,
$\eta^{0}$ : $\mathrm{K}\mathrm{e}\mathrm{r}[\Psi:A^{\mathrm{N}}arrow A^{\mathrm{N}}]arrow \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\mathcal{G}\tau\lambda),\hat{\mathrm{G}}_{a,A)}$ ,
$\eta^{1}$ : $\mathrm{C}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}[\Psi : A^{\mathrm{N}}arrow A^{\mathrm{N}}]arrow H_{0}^{2}(\hat{\mathcal{G}}^{(\lambda)},\hat{\mathrm{G}}_{a,A})$
.
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